Introduction {#sec1-1}
============

Preeclampsia is a hypertensive disorder of gestation, complicating 5% to 7% of all pregnancies. It is characterized by new onset of hypertension (≥140/90 mmHg) and proteinuria that develops after 20 weeks of gestation and usually resolves within 48 h of fetal delivery. It can progress to a severe form in 25% of parturients when it is undiagnosed or untreated.\[[@ref1]\] It increases both maternal and fetal morbidity with the occurrence of eclampsia in 0.04-0.05% of the affected parturients\[[@ref2][@ref3]\] with an estimated annual mortality rate of 50,000 parturients with preeclampsia world-wide.\[[@ref4]\]

Parturients with pregnancy induced hypertension may present to the labor and delivery unit with or without a prior diagnosis of preeclampsia and may pose a significant anesthetic challenge. The administration of general anesthesia (GA) in such high risk parturients may cause exaggerated cardiovascular response to intubation leading to cerebral hemorrhage and edema, cardiovascular decompensation causing pulmonary edema; thereby increasing morbidity and mortality in both mother and child.\[[@ref5][@ref6]\] Similarly, an exaggerated pressor response to intubation may increase the maternal plasma catecholamine concentration, which in turn impairs the uteroplacental blood flow.\[[@ref7][@ref8][@ref9]\]

The administration of regional anesthesia (RA) not only avoids the maternal complications with GA like difficult intubation, vasopressor response to intubation, but also improves uteroplacental blood flow and neonatal outcome. This review places emphasis on the regional anesthetic considerations in such parturients presenting to the labor and delivery unit. Electronic search strategies included searching the databases Ovid MEDLINE, Ovid EMBASE (both until Jan 2013) and the Cochrane Library using the key words pregnancy, preeclampsia, eclampsia, regional, and anesthesia and neuraxial.

Classification of Hypertension in Pregnancy {#sec1-2}
===========================================

Parturients with high blood pressure fall into four categories, which include:

Gestational hypertensionPreeclampsia-eclampsiaChronic hypertension or pre-pregnant hypertensionPreeclampsia superimposed on chronic hypertension.\[[@ref10]\]

The clinical presentations of hypertension in pregnancy are described in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, which guide the attending anesthesiologist to administer safe anesthesia.\[[@ref10][@ref11][@ref12][@ref13]\]

###### 

Differences between mild and severe preeclampsia
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Classification of hypertension in pregnancy
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Differential Diagnosis of Preeclampsia {#sec1-3}
======================================

It is essential to understand the various medical and surgical conditions, which may mimic preeclampsia.\[[@ref14]\] Similarly, preeclampsia can also be superimposed on one of these pathologies making the diagnosis more difficult \[[Table 3](#T3){ref-type="table"}\].

###### 

Differential diagnosis of preeclampsia and anesthetic implications\[[@ref14]\]
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Pathophysiology of Preeclampsia/Eclampsia {#sec1-4}
=========================================

In normal pregnancy, the uterine blood flow is about 10% (500-600 ml/min) of cardiac output, with 80% of uterine blood flow normally supplying the placenta and the remaining 20% supplying the myometrium. In preeclampsia, there is an abnormal trophoblastic invasion of the maternal spiral arteries with impaired uteroplacental perfusion. There is a release of vasoactive factors into the maternal circulation, resulting in endothelial dysfunction, vasoconstriction and hypertension.\[[@ref15]\] These parturients have an elevated thromboxane/prostacyclin ratio, factor VIII antigen and fibronectin prior to the onset of clinical manifestation.\[[@ref16]\] Similarly, there is an exaggerated inflammatory response that affects every single organ in the body compared with normal pregnancy.\[[@ref17]\] However, there is limited evidence to the role of nitric oxide in the pathophysiology and management of preeclampsia. The assessment of uterine arteries by Doppler studies has shown higher uterine artery resistance in preeclamptic parturients compared to normal parturients (RI = 0.59 \[0.40-0.75\] vs. 0.42 \[0.3645 1\]; *P* = 0.005).\[[@ref18]\]

Effect of RA on Uteroplacental Blood Flow {#sec1-5}
=========================================

Parturients admitted to the labor and delivery unit receive RA for labor analgesia, instrumental and operative deliveries. The commonly performed regional anesthetic techniques among parturients with preeclampsia include spinal anesthesia, epidural analgesia/anesthesia or combined spinal epidural (CSE) anesthesia.

Spinal anesthesia offers rapid onset, more reliable anesthetic with low local anesthetic (LA) requirement. Similarly, the addition of adjuvants prolongs the spinal anesthetic duration in addition to increased analgesic duration in the post-operative period. Hence, this technique has been widely used when these parturients present for cesarean section (CS) delivery. On the contrary, epidural analgesia/anesthesia offers top up doses, modification and extension of block through indwelling catheter with maintenance of hemodynamic stability compared to spinal anesthesia. The CSE anesthetic technique offers rapid onset, better quality of analgesia/anesthesia with the presence of epidural catheter allowing a top up for optimization and prolongation of spinal block. However, this technique is time consuming and technical difficulty is noted with inexperienced hands.

The administration of neuraxial anesthesia for labor or cesarean delivery reduces serum catecholamine level and improves uteroplacental blood flow. The sympathetic blockade that results from neuraxial anesthetic techniques has shown to improve intervillous blood flow in preeclamptic parturients by decreasing uteroplacental resistance.\[[@ref19]\] In a study involving 10 parturients with preeclampsia and uterine flow abnormalities, a decrease in uterine artery resistance with the increase in uterine blood flow was described in parturients who received antepartum continuous epidural analgesia with 0.1% ropivacaine when compared to those preeclamptic parturients who did not receive epidural analgesia.\[[@ref20]\] These physiologic effects of neuraxial anesthesia are potentially beneficial in preeclamptic states. The administration of labor epidural analgesia is associated with better neonatal acid base status compared to no analgesia and systemic opioids. Neuraxial techniques have been associated with better Apgar at 1 min and 5 min compared to systemic opioids; however, long-term effects on fetal brain development is not clear.\[[@ref21]\]

Perinatal Outcome of Preeclamptic Parturients {#sec1-6}
=============================================

Perinatal outcome in preeclampsia depends on the gestational age at onset, severity of the disease and preexisting medical conditions. The outcome is better in mild preeclampsia and with late onset (beyond 36 weeks) of gestation. On the contrary, with early-onset prior to 27 weeks of gestation, deterioration of maternal and fetal status is more often documented. In a retrospective analysis involving 46 severe preeclamptic parturients, a neonatal mortality rate of 57%, accompanied by a maternal complication rate of 30-67% were documented in parturients who were diagnosed with preeclampsia before 27 weeks of gestational age. Maternal morbidity was due to hemolytic anemia, elevated liver enzymes and low platelet count (HELLP) syndrome and placental abruption.\[[@ref22]\]

Anesthetic Considerations for Labour Analgesia in Pregnancy-induced Hypertension {#sec1-7}
================================================================================

Neuraxial labor analgesic technique is considered as a gold standard technique for intrapartum labor analgesia. Its use has been greatly increased in recent years with better maternal and fetal outcomes. Epidural labor analgesia lowers maternal labor pain with higher satisfaction scores and has been shown to improve pulmonary and maternal cardiovascular physiology with better neonatal outcomes.\[[@ref19][@ref23][@ref24]\] However, it is essential to rule out underlying coagulopathy or a significant drop in the trend of platelet count prior to performing neuraxial techniques.

Neuraxial labor epidural analgesia is provided through intermittent boluses, continuous infusion and patient controlled epidural analgesia (PCEA). PCEA is currently the standard of labor analgesic technique in North America and developed countries; it is well-accepted by parturients and obstetricians. In addition to continuous background infusion of LA, it allows the parturients to receive additional prefixed doses of epidural medication whenever they experience pain by pressing a demand button. A lock out time interval, which is set up during the infusion protects them from over dosage of LAs.\[[@ref25][@ref26][@ref27]\]

In a retrospective analysis of 444 parturients with hypertensive disease, the administration of epidural labor analgesia did not increase the frequency of CS delivery, renal failure and pulmonary edema when compared with parturients who did not receive labor epidural analgesia.\[[@ref28]\] Similarly, a meta-analysis involving 6700 parturients emphasized that there is no difference in the risk of CS delivery in women who received neuraxial labor analgesia versus systemic opioids (odds ratio: 1.03; 95% confidence interval 0.86-1.22).\[[@ref29]\]

Anesthetic Considerations for Cesarean Delivery in PIH without HELLP Syndrome {#sec1-8}
=============================================================================

The perioperative management of parturients with PIH presenting to labor and delivery suite has been described in [Figure 1](#F1){ref-type="fig"}. Neuraxial anesthetic techniques are preferable to GA for elective cesarean delivery in the absence of HELLP syndrome. The provision of neuraxial anesthetic technique precludes the risk of aspiration, difficult and failed intubations, laryngoscopic response of intubation seen with general anesthetic techniques.

![Perioperative care of parturient with preeclampsia](JOACP-29-435-g004){#F1}

Spinal anesthesia {#sec2-1}
-----------------

Spinal anesthesia is a generally preferred anesthetic technique as it is simple to perform; it provides rapid onset and a dense block. It also provides excellent post-operative analgesia when intrathecal opioids are used.\[[@ref30][@ref31][@ref32]\] It has no effect on Apgar scores and umbilical artery pH in preeclampsia as along as the systolic blood pressure is maintained greater than 80% or more of the baseline.\[[@ref33]\] The incidence of spinal induced hypotension and the vasopressor requirement were found to be two times lower in preeclamptic parturients when compared with normal parturients undergoing CS delivery.\[[@ref34][@ref35]\] The increased production of circulating factors with potent pressor effect and the increased sensitivity to vasopressor drugs in preeclampsia along with the use of hyperbaric bupivacaine (8-12 mg) with opioids could decrease the spinal induced hypotension in preeclamptic parturients.\[[@ref34]\] Cardiac output monitoring after spinal anesthesia has shown that neither spinal anesthesia nor the use of phenylephrine to treat hypotension reduce cardiac output during CS delivery, further supporting its safety in preeclamptic parturients.\[[@ref36]\]

Continuous spinal anesthesia offers the flexibility of titration of local anesthetic agents in small aliquots; thus, graded sympathetic block could be achieved with a lower degree of sympathectomy in these parturients.\[[@ref37]\] However, the higher rate of infection, injury to nerve roots, postdural puncture headache and technical difficulty are potential pitfalls and this technique is not frequently used.\[[@ref38][@ref39]\]

Epidural anesthesia {#sec2-2}
-------------------

Epidural anesthesia may be instituted in a step like fashion for non-emergency CS delivery with an infusion of 500-1000 ml intravenous crystalloid that will sufficiently minimize maternal hypotension just as with non-preeclamptic patients. In our institute, we administer incremental dose of 0.5% bupivacaine (3 ml) in a dose sufficient to obtain a T8/T10 dermatomal sensory level of analgesia with monitoring of maternal vital signs and fetal heart rate tracing. Once the epidural catheter has been proven functional with stable maternal hemodynamics and fetal heart rate tracing, surgical anesthesia may then be achieved to the T4 sensory dermatome necessary for cesarean delivery. In a prospective observational study involving 12 preeclamptic parturients undergoing elective cesarean delivery, preloading with crystalloids has not shown to decrease the incidence of maternal hypotension and changes in the uterine artery velocity waveforms were minimal when maternal systolic blood pressure were maintained 80% or more of baseline.\[[@ref33]\] Similarly, in a recent retrospective review comparing two tertiary referral obstetric units has shown that preeclamptic parturients with liberal fluid administration had a higher incidence of acute pulmonary edema over parturients with restricted fluid administration during the perioperative period.\[[@ref40]\] The use of fentanyl (\>2 mcg/kg), a rapid and short-acting opioid, may increase the rapid onset and prolong the duration of anesthesia. The use of epinephrine-containing LAs has not shown altered Apgar scores and or umbilical blood gases.\[[@ref41]\]

Combined spinal epidural anesthesia {#sec2-3}
-----------------------------------

CSE provides the reliability of spinal anesthesia and at the same time the flexibility of good postoperative pain relief through an epidural catheter infusion.\[[@ref30][@ref42]\] The epidural component of the CSE offers superior hemodynamic stability over spinal anesthesia. There is no difference in neonatal outcome between spinal and epidural anesthetic techniques.\[[@ref43]\]

A small prospective, randomized study involving 30 women with severe preeclampsia undergoing elective cesarean delivery, the CSE technique was found to be a safe alternative to conventional epidural anesthesia.\[[@ref44]\] In a prospective study involving 28 severe preeclamptic parturients undergoing elective cesarean delivery, a dose of intrathecal bupivacaine 7.5 mg with fentanyl 25 mcg was found to maintain better hemodynamic stability over parturients who had 10 mg of intrathecal bupivacaine with fentanyl 25 mcg and it was equally effective for elective CS delivery.\[[@ref45]\] In a recent study involving 18 preeclamptic and normal parturients undergoing CS delivery, the ED50 of intrathecal bupivacaine was similar in both groups (4.7 mg of bupivacaine + 20 ug of fentanyl).\[[@ref46]\]

Uneventful spinal anesthesia for elective cesarean delivery in severe preeclamptic parturients has been administered using bupivacaine in a dose range of 8-12.5 mg along with opioids including morphine 100 mcg, fentanyl 10-25 mcg and sufentanil 3-5 mcg.\[[@ref34][@ref35][@ref43][@ref47]\]

Anesthetic Considerations for Cesarean Delivery in PIH with HELLP Syndrome {#sec1-9}
==========================================================================

Severe preeclampsia with HELLP syndrome poses a significant anesthetic challenge. Coagulopathy in these parturients s usually due to low platelet count and, less commonly, disseminated intravascular coagulation. The presence of coagulopathy precludes the provision of RA for CS delivery. Studies investigating coagulation in these parturients using thromboelastography described that there were no coagulopathies with the platelet count greater than 1,00,000/mm^3^. However, prompt coagulation evaluation is recommended with the platelet count less than 1,00,000/mm^3^.\[[@ref48]\]

Similarly, the drop in trends of platelet count predisposes them at the risk epidural hematoma with neuraxial anesthetic technique. The current guidelines recommending a platelet count more than 100,000/mm^3^ to minimize the risk of epidural hematoma is of limited evidence.\[[@ref49]\] The safe administration of neuraxial anesthetic techniques in parturients with platelet counts less than 100,000/mm^3^ has been reported.\[[@ref50][@ref51]\] Reported incidence of spinal hematoma in HELLP syndrome patients receiving regional techniques is negligible.\[[@ref52]\] The incidence of spinal hematomas was highest in female orthopedic patients undergoing knee arthroplasty.\[[@ref53]\] A survey on the incidence of severe neurological complications after neuraxial block showed a higher incidence (33/127) of spinal hematoma, out of which 2 were in HELLP syndrome patients. In a retrospective review of the incidence of spinal hematoma in parturients with HELLP syndrome has shown that safe administration of neuraxial anesthetic technique may be provided with a platelet count of 90,000/mm^3^ or more with a low threshold of GA with the platelet count of 60,000/mm^3^. The anesthetic technique may be decided at the discretion of anesthesiologist, urgency of CS delivery in parturients with the platelet count between 60,000 and 90,000/mm^3^.\[[@ref54]\]

When GA is considered, rapid sequence intubation with the availability of difficult airway cart and drugs to control blood pressure may minimize the complications associated with GA. Drugs that are used to attenuate hemodynamic response to intubation include esmolol, fentanyl, remifentanil, alfentanil and lidocaine. However, it is up to the discretion of attending anesthesiologist to use the drug (s) with which they are most familiar.

Anesthetic Considerations for Emergency Cesarean Delivery {#sec1-10}
=========================================================

The anesthetic management of preeclamptic patients requiring emergency CS delivery depends on the severity of preeclampsia and maternal/fetal status. Parturients are classified into four categories depending on the urgency of delivery, maternal and fetal status during delivery \[[Table 4](#T4){ref-type="table"}\].\[[@ref55][@ref56]\]

###### 

Classification of urgency of cesarean delivery
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General anesthesia {#sec2-4}
------------------

When there is an immediate threat to the mother or fetus \[Category 1\], GA with rapid sequence intubation may be considered over RA due to its rapid onset of anesthesia, control over the airway and potential for less hypotension than RA. However, a high degree of anticipation of difficult endotracheal intubation must be considered due to increased airway edema, short neck and large breasts that can obscure the laryngoscopic view during intubation. It is essential to keep the difficult airway cart available while planning GA. Similarly, with the pre-existing elevated blood pressure, techniques to attenuate the hemodynamic response to intubation with minimal effects on the fetus should be considered. The administration of magnesium sulfate pre-operatively could potentiate the duration of action and sensitivity of succinylcholine. Similarly, the uterine atony and coagulopathy from magnesium therapy may cause considerable intrapartum blood loss. Hence, a wide-bore intravenous access and blood products should be kept available prior to anesthesia.\[[@ref41]\] The triennium report from the Center for Maternal and Child Enquiries, reported two cases of direct anesthetic deaths on administration of GA to parturients due to failure to ventilate the lungs and aspiration of gastric contents in the postoperative period.\[[@ref57]\]

When there is a maternal or fetal compromise without any threat to either of them \[Category 2\], the management depends on the availability of time to perform or activate RA. The clinical assessment of maternal and fetal status along with a clear communication with the obstetrical team may play a vital role in the decision of the anesthetic technique. With the availability of time and no threat to either mother or fetus, an epidural top up of a pre-existing epidural catheter with rapid acting LA or a subarachnoid block with low dose LA and opioid may be considered. On the contrary, when there is a threat to mother or fetus with insufficient time to perform a regional anesthetic technique, GA with perioperative precautions may be considered over regional anesthetic technique.

Subarachnoid block with intrathecal opioid or CSE anesthetic technique may be considered over GA when there is no maternal or fetal compromise \[Categories 3 and 4\]. The administration of neuraxial anesthesia minimizes the risk of neonatal exposure to potentially depressant anesthetic drugs, decreases the risk of maternal pulmonary aspiration, promotes early ambulation and reduces the incidence of maternal thromboembolism. Similarly, the administration of titrated opioids along with LA during neuraxial anesthetic techniques offers postoperative analgesia and minimizes the consumption of systemic opioids.

The safety of spinal, epidural and CSE anesthesia for CS delivery in women with pre eclampsia has been described.\[[@ref29][@ref30][@ref31][@ref57]\] In a population based study involving 303,862 women who had undergone CS delivery, 8567 parturients had preeclampsia. In this study, GA for CS delivery was associated with an increased risk of maternal stroke when compared with neuraxial anesthesia in preeclamptic women.\[[@ref58]\] In a retrospective study involving 116 preeclamptic parturients undergoing caesarean delivery, the authors described that a higher rate of neonatal asphyxia was noticed when GA was administered for CS delivery when compared with RA (*P* = 0.0006).\[[@ref59]\] Similarly, the neonatal base deficit was significantly higher in severe preeclamptic parturients who had GA for CS delivery when compared to parturients who had spinal anesthesia.\[[@ref60]\]

Transversus abdominis plane block {#sec2-5}
---------------------------------

The TAP block, when used as part of a multimodal analgesic regimen, resulted in better analgesia and decreased supplemental opioid consumption after cesarean delivery. TAP block is a regional anesthetic technique that blocks T6-L1 nerve roots and can provide analgesia for lower abdominal procedures.\[[@ref61]\] The administration of effective postoperative analgesia is of key importance in such parturients to facilitate early ambulation, child care including breast feeding, bonding of an infant to mother and prevention of postoperative morbidity.\[[@ref62]\]

In a randomized controlled trial (RCT) involving 50 parturients undergoing CS delivery, bilateral TAP block using ropivacaine at the dose of 1.5 mg/kg has shown significant reduction of morphine consumption (66 ± 26 vs. 18 ± 14 mg, *P* \> 0.001) in the first 48 h after surgery when compared to placebo.\[[@ref63]\] In a recent meta-analysis involving 524 parturients undergoing elective CS delivery, the administration of TAP block significantly improved postoperative analgesia in women undergoing CS delivery who did not receive intrathecal morphine (ITM) and the value of TAP block in patients receiving ITM was not clear.\[[@ref64]\]

Role of Ultrasound in Parturients Undergoing Neuraxial Procedures {#sec1-11}
=================================================================

Neuraxial regional anesthetic techniques are performed usually by palpating anatomical land marks.\[[@ref65][@ref66][@ref67]\] The increase in weight gain along with edema secondary to preeclampsia may obscure anatomical landmarks and pose a technical challenge to obstetric anesthesiologists as the anatomical level may not be correlated accurately in these parturients. The use of ultrasound may be useful in identifying the landmarks and predicting the depth of the epidural space.\[[@ref68]\]

Currently, there are prospective trials on the effectiveness of ultrasound in parturients. Imaging of the lumbar spine can be performed in both transverse and longitudinal planes. The transverse scanning of lumbar epidural space prior to the neuraxial block reliably predicts the needle insertion point and epidural space.\[[@ref69][@ref70]\] In an RCT of 300 parturients to assess the efficacy of ultrasound in labor epidural anesthesia, the use of ultrasound reduced the rate of puncture attempts significantly (*P* \> 0.013). Similarly, the rate of dural puncture, aspiration of blood and development of postdural puncture headache were significantly lower in parturients who had prior scanning of the lumbar spine when compared with those parturients who were not scanned prior to neuraxial technique.\[[@ref71]\] The visualization of the epidural space along with manipulation of needle directions is better appreciated with real time ultrasound over offline scanning of spine. High rate of accuracy with a lower number of attempts were described with real time ultrasound over offline scanning techniques.\[[@ref72]\]

Complications of Neuraxial Technique in Preeclamptic Parturients {#sec1-12}
================================================================

The risk of epidural hematoma must be weighed against the benefits of RA in women of preeclampsia, including better analgesia, decreased circulating catecholamines and improved uteroplacental perfusion. The true incidence of spinal hematoma following central neuraxial blockade in parturients is not well-documented and with under-reporting, it may well be higher than the estimated incidence.\[[@ref73]\] The estimated incidence is 1 in 150,000 following epidural anesthesia and 1 in 220,000 after spinal anesthesia in the non-obstetric population.\[[@ref74][@ref75]\] In a retrospective analysis over 10 year period involving 1,260,000 spinal anesthesia and 4,50000 epidural anesthesia, the incidence of spinal epidural hematoma was documented to be 1:5400 in orthopedic patients as opposed to 1:200,000 in obstetrics. The obstetric epidural hematomas occurred in parturients with HELLP syndrome rather than in mild preeclampsia.\[[@ref53]\] The engorged epidural venous plexus along with low platelet count in preeclamptic parturients predispose them to a higher risk of hematoma. Epidural hematoma causing paralysis in the immediate postoperative period has been described with preoperative platelet count of 71,000/mm^3^ in a parturient with preeclampsia after epidural anesthesia. This parturient recovered without any neurological deficit with early surgical intervention.\[[@ref73]\] Hence, the performance of neuraxial anesthetic techniques in such high risk parturients with platelet count of 80,000/cu.mm and above may minimize the risk of hematoma and it is advisable to follow the trend of platelet count along with clinical signs of toxemia prior to neuraxial techniques.

Neuraxial anesthetic techniques may be avoided in pregnancy induced hypertension if there is concomitant thrombocytopenia and coagulopathy. About 30-50% cases of severe preeclamptic parturients have associated thrombocytopenia.\[[@ref76]\] In a retrospective analysis of 100 preeclamptic parturients, 8% of parturients were found to have both thrombocytopenia and prolonged activated partial thromboplastin time (aPTT). The authors recommended that it was practical and cost-effective to screen for both platelet count and aPTT.\[[@ref77]\]

Conclusions {#sec1-13}
===========

Parturients with mild preeclampsia may safely undergo regional anesthetic procedures for labor analgesia and CS delivery. A thorough evaluation to detect underlying coagulopathy or thrombocytopenia is essential prior to considering regional anesthetic procedures in severe preeclamptic parturients. It may be safer to consider non-neuraxial techniques in eclamptic parturients with or without end organ damage.
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